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(57) ABSTRACT

A golfclub shaft which satisfies strength and is lightweight is
provided by the present invention. This golf club shaft com-
prises one or more fiber-reinforced resin layers, and is char-
acterized by satistying the following relationship (1), wherein
x [mm)] is the displacement in a cantilever bending test, M [g]
is the mass of the golf club shaft, and L. [mm)] is the length
thereof, and by satisfying the following strength standard
values [1]-[4]: Mx(L/1168)<49.66 ¢™°-°°1* (relationship 1);
[1] the three-point bending strength at T-90 (the position 90
mm apart from the smaller-diameter end) is 800 N or higher;
[2] the three-point bending strength at T-175 (the position 175
mm apart from the smaller-diameter end) is 400 N or higher;
[3] the three-point bending strength at T-525 (the position 525
mm apart from the smaller-diameter end) is 400 N or higher;
and [4] the three-point bending strength at B-175 (the posi-
tion 175 mm apart from the larger-diameter end) is 400 N or
higher.

3 Claims, 7 Drawing Sheets
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1
GOLF CLUB SHAFT FORWOOD CLUB

TECHNICAL FIELD

The present invention relates to a wood golf club shaft
formed of fiber-reinforced resin layers.

This application is based upon and claims the benefit of
priority from the prior Japanese Patent application No. 2012-
122094, filed on May 29, 2012, the entire contents of which
are incorporated herein by reference.

BACKGROUND ART

After a rule of rebound regulations is applied to a golf club
head, a method of improving a carry distance is progressing in
shaft performance. Most effective means to cover repulsive
force of the golf club head is to make a shaft long. A club head
speed can be increased by making the shaft long. However, an
inertia moment of the club is increased only by simply mak-
ing the shaft long, so that players may feel the club “heavy™ at
the time of swing. There is a technique for lightening weight
of'the club head as a means to solve this problem, but when the
weight of the club head is lightened, an impulse is reduced at
the time of an impact of the club head with a ball, and thus it
is not expected that the carry distance is largely increased.
Meanwhile, in the case of lightening the weight of the shaft
without changing the weight of the club head, it is possible to
reduce only the inertia moment of the club without reducing
the impulse at the time of the impact of the club head with the
ball. For this reason, a technique for lightening the weight of
the shaft has largely received attention.

Patent Document 1 discloses a technique for lightening the
weight with paying attention to a bias layer. According to this,
in order to improve torsional strength, the bias layer is formed
using a material having a thickness of 0.06 mm or less,
thereby solving the problem. At this time, a hoop layer is
disposed to have two layers in a full length to ensure bending
strength. This is because the hoop layer largely contributes to
the bending strength.

In Patent Document 2, a length of the hoop layer is dis-
posed to be 20% to 50% of the full length from each of a
small-diameter end part and a large-diameter end part of the
shaft. As the hoop layer is not present at an intermediate
portion, the weight of the shaft is lightened by that much and
strength required for shaft characteristics can be ensured at a
small-diameter side and a large-diameter side.

A problem in the weight lightening of the golf club shaft is
a balance between light weight and strength (three-point
bending strength (referred to as SG type three-point bending
strength reference in Japan; SG type three-point bending
strength test complies with a three-point bending test method
prescribed by Consumer Product Safety Association), see
FIG.1). InFIG. 1, a symbol “1” indicates a length of 150 mm
in T-90 and a length of 300 mm in T-175, T-525, and B-175.
Generally, the bending strength required for the golf club
shaft varies depending on positions on a shaft S. Particularly,
since shock is applied to a front-end part at the time of the
impact, the front-end part requires the largest bending
strength. With respect to remaining portions, it is known that
an approximately constant value is required from a relation
between a rigidity value and the amount of bending. In addi-
tion, an individual method or criteria of a strength test is
provided by each of club makers, but it is known that it is
necessary to satisfy strength reference values of Table 1 in a
three-point bending strength test so as to pass such a strength
test. That is, a position of T-90 (in the case of the SG type
three-point bending strength reference, also referred to as a
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position T) is a point at which a stress concentration tends to
occurs at the time of the impact, a position of T-175 (in the
case of the SG type three-point bending strength reference,
also referred to as a position A) is a point at which bending
deformation tends to increase, a position of T-525 (in the case
of the SG type three-point bending strength reference, also
referred to as a position B) is a point at which both of a
bending load and a crushing load are applied, and a position
of B-175 (in the case of the SG type three-point bending
strength reference, also referred to as a position C) is a point
at which the crushing load is easily applied.

TABLE 1
Reference strength standard
Designation T-90 T-175 T-525 B-175
Load point From small- From small- From small- From large-
position diameter end diameter end diameter end diameter end
90 mm 175 mm 525 mm 175 mm
Strength 800 400 400 400
reference value

(N]

When measuring the strength of a shaft which is prepared
using the prior art disclosed in Patent Document 1 described
above and satisfies the strength reference, sufficient strength
can be obtained at the positions of T-90, T-175, and B-175, but
a lowest value is indicated at the position of T-525. This is
because the position of T-525 is located approximately in the
center of the shaft and the bending load, the crushing load are
simultaneously applied as described above, and thus there is
a tendency that the strength is lowered compared to the posi-
tions of T-90, T-175, and B-175. In the case of using Patent
Document 2, the strength at T-525 is further lowered. That is,
when the shaft is prepared using the prior art, it is necessary
that the strength exceeds a reference value of 400 N (40 kgf)
in order to satisfy the reference strength standard even at
T-525 having the lowest value. However, in this case, the
positions of T-90, T-175, and B-175 (particularly, the posi-
tions of T-175 and B-175 to be measured under the same span)
becomes an excessive strength state, and surplus weight is
distributed to these positions.

Patent Document 3 discloses a configuration where a hoop
layer has one layer only at the intermediate portion and the
hoop layer has two layers in the full length in order to ensure
crushing rigidity of the intermediate portion. However, a
position of the hoop layer at the intermediate portion is speci-
fied in the range not exceeding 45% of the full length from the
large-diameter side (the large-diameter side spaced more than
643 mm apart from the small-diameter side when the full
length is 1168 mm) Even when the hoop layer of the inter-
mediate portion is disposed at this position, the strength at
T-525 is not improved. This is because an object of Patent
Document 3 is a speed-up of return bending rather than the
weight lightening.

CITATION LIST
Patent Document
Patent Document 1: JP 2007-203115 A

Patent Document 2: JP 2009-219652 A
Patent Document 3: JP 2009-22622 A

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

As described above, since strength distribution is not uni-
form in the prior art, a portion having the lowest strength
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needs to satisfy a strength reference value, and a portion
having excessive strength (since a surplus member is present
in the portion having the excessive strength, the weight is
added in surplus due to the surplus member; accordingly, the
“portion having the excessive strength” is referred to as “sur-
plus weight) was provided. An object of the invention is to
eliminate the surplus weight described above and to prepare a
shaft in which the weight is lightened to the utmost limit.
Meanwhile, in general, it is necessary that the shaft needs
to be heavier as it becomes stiffer. This is because the shaft
becomes brittle and is easily broken as it becomes stiffer, and
thus it is necessary to increase the weight by thickening a
thickness of the shaft in order to satisfy the same strength
reference. In this regard, there is description or suggestion in
the citation lists, and even when the same term “lightest
weight shaft” is referred, the weight varies due to the stiffness
of'the shaft. The object of the invention was to prepare a shaft
having a lightest weight class for each of types of stiffness.

Means for Solving Problem

As a result of intensive studies in consideration of the
above problems, it has been found by present inventors that a
further lightweight golf club shaft can be prepared by uniform
distribution of strength. In addition, the inventors completed
the invention by founding that the shaft having the lightest
weight class could be prepared for each of types of stiffness.
That is, the invention is as follows. One aspect of the inven-
tion will be described below.

(1) A golfclub shaft formed of one or more fiber-reinforced
resin layers is characterized in that the golf club shaft satis-
fying Formula 1 below and strength reference values of [1] to
[4] below when flex in a cantilever bending test is defined as
X [mm], a mass of the golf club shaft is defined as M [g], and
a length thereof is defined as L [mm)].

Mx(L/1168)<49.66¢~0-0015% (Formula 1)

[1] Three-point bending strength at T-90, which is a posi-
tion 90 mm apart from a small-diameter end part, is 800 N or
more;

[2] Three-point bending strength at T-175, which is a posi-
tion 175 mm apart from the small-diameter end part, is 400 N
or more;

[3] Three-point bending strength at T-525, which is a posi-
tion 525 mm apart from the small-diameter end part, is 400 N
or more; and

[4] Three-point bending strength at B-175, which is a posi-
tion 175 mm apart from a large-diameter end part, is 400 N or
more.

(2) The golf club shaft described in (1) above satisfies

Formula 2 below.
Mx(L/1168)<49.20e0-0015% (Formula 2)

(3) The golf club shaft described in (1) above satisfies

Formula 3 below.
Mx(L/1168)<46.73¢0-0013% (Formula 3)

(4) The golf club shaft described in any one of (1) to (3)
above satisfies Formula 4 below.

20<Mx(L/1168)

(5) The golf club shaft described in any one of (1) to (3)
above satisfies Formula 5 below.

(Formula 4)

35.97e 00012 Ak (L/1168) (Formula 5)

(6) In the golf club shaft described in any one of (1) to (5)
above, torsional strength of the shaft is 800 N-m-deg or
more.
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(7) The golf club shaft described in any one of (1) to (6)
above is characterized in that the golf club shaft is formed of
one or more fiber-reinforced resin layers and includes: a bias
layer that is formed by overlapping fiber-reinforced resin
layers, in which orientation directions of reinforcing fibers
are £35° to +55° and -35° to -55° relative to a longitudinal
direction of the shaft, with each other; a straight layer that is
formed of a fiber-reinforced resin layer in which an orienta-
tion direction of the reinforcing fiber is —5° to +5° relative to
the longitudinal direction of the shaft; and a hoop layer that is
formed of a fiber-reinforced resin layer in which an orienta-
tion directions of the reinforcing fiber is +85° to +95° relative
to the longitudinal direction of the shaft, wherein the hoop
layer is formed of two fiber-reinforced resin layers of a first
hoop layer and a second hoop layer, the two hoop layers have
an overlapped portion, one end of the overlapped portion is
located between 125 mm and 375 mm from the small-diam-
eter end part of the shaft, and the other end of the overlapped
portion is located between 675 mm and 925 mm from the
small-diameter end part of the shaft.

(8) The golf club shaft described in (7) above is character-
ized in that one end of the first hoop layer is located at the
small-diameter end part of the shaft and the other end thereof
is located between 675 mm and 925 mm from the small-
diameter end part of the shaft, and one end of the second hoop
layer is located between 125 mm and 375 mm from the
small-diameter end part of the shaft and the other end thereof
is located at the large-diameter end part of the shaft.

(9) In the golf club shaft described in (7) or (8) above, the
first hoop layer has a thickness thinner than that of the second
hoop layer, and at least one of the straight layer and the bias
layer is laminated between the first hoop layer and the second
hoop layer.

(10) In the golf club shaft described in any one of (7) to (9)
above, the shaft has a thickness Th of 0.7 mm or more and 1.3
mm or less at a position 90 mm apart from the small-diameter
end part.

(11) In the golf club shaft described in any one of (7) to (10)
above, the small-diameter end part has a shaft outer diameter
Rs of 8.0 mm or more and 9.2 mm or less, a length Ls of a
straight part in the small-diameter end part is 40 mm or longer
and 125 mm or shorter, a tapered degree Tp of a shaft inner
diameter is 6/1000 or more and 12/1000 or less, and a shaft
inner diameter Rm is 5.20 mm or more and 8.26 mm or less at
a position 90 mm apart from the small-diameter end part.

(12) The golf club shaft described in any one of (7) to (11)
is characterized in that the golf club shaft includes: a front-
end straight reinforcing layer that is formed of a fiber-rein-
forced resin layer in which an orientation direction of the
reinforcing fiber is -5° to +5° relative to the longitudinal
direction of the shaft and is configured such that the small-
diameter end part of the shaft is a winding start position and
an intermediate part thereof is a winding end position; and a
rear-end straight reinforcing layer that is configured such that
the intermediate part of the shaft is the winding start position
and the large-diameter end part thereof is the winding end
position, the winding end position of the front-end straight
reinforcing layer coincides with a winding start position of
the second hoop layer or the front-end straight reinforcing
layer and the second hoop layer are partially overlapped with
each other, and the winding end position of the rear-end
straight reinforcing layer coincides with a winding end posi-
tion of the first hoop layer or the rear-end straight reinforcing
layer and the first hoop layer are partially overlapped with
each other.
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(13) A golf club shaft formed of one or more fiber-rein-
forced resin layers is characterized in that the shaft includes:
a bias layer that is formed by overlapping fiber-reinforced
resin layers, in which orientation directions of reinforcing
fibers are +35° to +55° and -35° to -55° relative to a longi-
tudinal direction of the shaft, with each other; a straight layer
that is formed of a fiber-reinforced resin layer in which an
orientation direction of the reinforcing fiber is —5° to +5°
relative to the longitudinal direction of the shaft; and a hoop
layer that is formed of a fiber-reinforced resin layer in which
anorientation direction of the reinforcing fiber is +85° to +95°
relative to the longitudinal direction of the shaft, wherein the
hoop layer is formed of two fiber-reinforced resin layers of a
first hoop layer and a second hoop layer, the two hoop layers
have an overlapped portion, one end of the overlapped portion
is located between 125 mm and 375 mm apart from the
small-diameter end part of the shaft, and the other end of the
overlapped portion is located between 675 mm and 925 mm
from the small-diameter end part of the shaft.

(14) The golf club shaft described in (13) above is charac-
terized in that one end of the first hoop layer is located at the
small-diameter end part of the shaft and the other end thereof
is located between 675 mm and 925 mm from the small-
diameter end part of the shaft, and one end of the second hoop
layer is located between 125 mm and 375 mm from the
small-diameter end part of the shaft and the other end thereof
is located at the large-diameter end part of the shaft.

(15) In the golf club shaft described in (13) or (14) above,
the first hoop layer has a thickness thinner than that of the
second hoop layer, and at least one of the straight layer and the
bias layer is laminated between the first hoop layer and the
second hoop layer.

An aspect of the invention also includes one of (16) to (30)
below.

(16) The golf club shaft described in any one of (1) to (3)
above satisties Formula 6 below.

25=Mx(L/1168) (Formula 6)

(17) The golf club shaft described in any one of (1) to (3)
above satisfies Formula 7 below.

42.40e7%0 <A 1% (1/1168) (Formula 7)

(18) The golf club shaft described in any one of (1) to (3)
above satisfies Formula 8 below.

42.89¢70-000% <A1 (1.,/1168) (Formula 8)

(19) The golf club shaft described in (8) above is charac-
terized in that the golf club shaft includes: a front-end straight
reinforcing layer that is formed of a fiber-reinforced resin
layer in which an orientation directions of the reinforcing
fiber is —5° to +5° relative to the longitudinal direction of the
shaft; and a rear-end straight reinforcing layer, and an over-
lapped length between a portion in which the first hoop layer
is overlapped with the second hoop layer and the front-end
straight reinforcing layer and an overlapped length between
the portion in which the first hoop layer is overlapped with the
second hoop layer and the rear-end straight reinforcing layer
are independently 0 to 30 mm.

(20) The golf club shaft described in any one of (8), (10),
(11), and (19) above is characterized in that a thickness of the
second hoop layer is thicker than that of the first hoop layer.

(21) The golf club shaft described in any one of (8), (9),
(10), (11), (19), and (20) above is characterized in that the
second hoop layer is located outside the first hoop layer.

(22) The golf club shaft described in any one of (7), (8), (9),
(10), (11), (19), (20), and (21) above is characterized in that
the bias layer is provided to have two or more layers over a full
length of the shaft.
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(23) The golf club shaft described in any one of (7), (8), (9),
(10), (11), (19), (20), (21), and (22) above is characterized in
that the bias layer is provided to have 1.5 or more layers over
the full length of the shaft.

(24) The golf club shaft described in (14) above is charac-
terized in that the golf club shaft includes: a front-end straight
reinforcing layer that is formed of a fiber-reinforced resin
layer in which an orientation directions of the reinforcing
fiber is —5° to +5° relative to the longitudinal direction of the
shaft; and a rear-end straight reinforcing layer, and an over-
lapped length between a portion in which the first hoop layer
is overlapped with the second hoop layer and the front-end
straight reinforcing layer and an overlapped length between
the portion in which the first hoop layer is overlapped with the
second hoop layer and the rear-end straight reinforcing layer
are independently 0 to 30 mm.

(25) The golf club shaft described in (14) or (24) above is
characterized in that a thickness of the second hoop layer is
thicker than that of the first hoop layer.

(26) The golf club shaft described in any one of (14), (15),
(24), and (25) above is characterized in that the second hoop
layer is located outside the first hoop layer.

(27) The golf club shaft described in any one of (13), (14),
(15),(24),(25), and (26) above is characterized in that the bias
layer is provided to have two or more layers over a full length
of the shaft.

(28) The golf club shaft described in any one of (13), (14),
(15), (24), (25), (26), and (27) above is characterized in that
the bias layer is provided to have 1.5 or more layers over the
full length of the shaft.

(29) The golf club shaft described in any one of (13), (14),
(15), (24), (25), (26), (27), and (28) above is characterized in
that the shaft has a thickness Th of 0.7 mm or more and 1.3
mm or less at a position 90 mm apart from the small-diameter
end part.

(30) The golf club shaft described in any one of (13), (14),
(15), (24), (25), (26), (27), (28), and (29) above is character-
ized in that the small-diameter end part has a shaft outer
diameter Rs of 8.0 mm or more and 9.2 mm or less, a length
Ls of a straight part in the small-diameter end part is 40 mm
or longer and 125 mm or shorter, a tapered degree Tp of a
shaft inner diameter is 6/1000 or more and 12/1000 or less,
and a shaft inner diameter is 5.20 mm or more and 8.26 mm or
less at a position 90 mm apart from the small-diameter end
part.

Effect of the Invention

According to the golf club shaft of the invention, it is
possible to further lighten the weight by obtaining uniform
strength distribution.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating a measuring
method of three-point bending strength;

FIG. 2 is a schematic diagram illustrating a testing method
of flex x in a cantilever bending test;

FIG. 3 is a diagram illustrated by plotting relationship of
results obtained in the case of using a prior art;

FIG. 4 is a diagram illustrating formulas of boundary lines
used in an aspect of the invention;

FIG. 5 is a diagram illustrating a direction of weight light-
ening to be achieved in the aspect of the invention;

FIG. 6 is a diagram illustrating a direction of weight light-
ening in the case of using the prior art;
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FIG. 7 is a diagram illustrating a mandrel and prepreg used
in Comparative Examples 1 to 3 of the invention;

FIG. 8 is a diagram illustrating a mandrel and prepreg used
in Examples 1 to 3 of the invention;

FIG. 9 is a diagram illustrating a mandrel and prepreg used
in another example of Examples 1 to 3 of the invention;

FIG. 10 is a diagram illustrating a mandrel and prepreg
used Example 7 of the invention.

FIG. 11 is a diagram illustrated by plotting relationship of
results obtained from Examples 7 to 13;

FIG. 12 is a schematic diagram illustrating a method of
measuring torque; and

FIG. 13 is a schematic diagram illustrating a method of
measuring torsional strength.

MODE(S) FOR CARRYING OUT THE
INVENTION

A golf club shaft according to an aspect of the invention is
manufactured using a sheet winding method of heating and
forming a fiber-reinforced resin layer (prepreg), in which a
resin is impregnated with a sheet-like reinforced fiber
obtained by aligning a fiber in one direction and wound
around a mandre] several times.

In the invention, examples of fibers used in the fiber-rein-
forced resin layer can include glass fibers, carbon fibers,
aramid fibers, silicon carbide fibers, alumina fibers, and steel
fibers. In particular, polyacrylonitrile-based carbon fibers
form a fiber-reinforced plastic layer having excellent
mechanical properties and thus are most preferred. In addi-
tion, reinforcement fibers may be used as a single kind or in
combination of two kinds or more.

Although a matrix resin used in the fiber-reinforced resin
layer is not particularly limited, epoxy resins are generally
used. Examples of the epoxy resins may include bisphenol-
A-type epoxy resins, bisphenol-F-type epoxy resins, bisphe-
nol-S-type epoxy resins, phenol novolak type epoxy resins,
cresol novolak type epoxy resins, glycidyl amine type epoxy
resins, isocyanate modified epoxy resins, and alicyclic epoxy
resins. These epoxy resins may be used from in a liquid state
to in a solid state. Further, the epoxy resins may be used as a
single kind or as a blend of two kinds or more. In addition, the
epoxy resins may be preferably used by mixing with a curing
agent.

Fiber weight, resin content or the like of the fiber-rein-
forced resin layer is not particularly limited, and can be
selected appropriately depending on a thickness of each layer
and a winding diameter.

<Wood Golf Club Shaft>

Referring to FIG. 8, a wood golf club shaft (hereinafter,
simply referred to as a shaft) according to an embodiment of
the invention will be described. Each of the following layers
(reinforcing layer, hoop layer, bias layer, straight layer, and
the like) is a layer formed of the fiber-reinforced resin layer.
End parts X1 and X2 indicate end parts of the hoop layer.

In the shaft according to this embodiment, a step-part rein-
forcing layer 2 is provided at a small-diameter side, and a first
hoop layer 3A, a bias layer 4, a second hoop layer 5A, a first
straight layer 6, a second straight layer 7, and a third straight
layer 8 are successively disposed. Further, a front-end rein-
forcing layer 9 is disposed at a smaller-diameter-side outer
periphery of the third straight layer 8, and an outer diameter
adjusting layer 10 is further disposed at the outside thereof so
that a predetermined outer diameter can be ensured after
finish polishing.

As described in the above (7) and (13), the first hoop layer
3A and the second hoop layer 5A are partially overlapped
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with each other, one end of the overlapped portion is located
between 125 mm and 375 mm from the small-diameter end
part of the shaft, and the other end of the overlapped portion
is located between 675 mm and 925 mm from the small-
diameter end part of the shaft. This is for eliminating surplus
weight in T-175 and B-175 while ensuring strength at T-525.
In order to shorten the overlapped region described above,
when the region in which the hoop layers are overlapped with
each other is outside the above range (that is, one end of the
overlapped portion is located at a large-diameter-end-part
side spaced more than 375 mm apart from the small-diameter
end part of the shaft or the other end of the overlapped portion
is located at the small-diameter-end-part side spaced less than
675 mm apart from the small-diameter end part of the shaft),
it is difficult to obtain the strength at T-525. Further, in order
to lengthen the overlapped region described above, the region
in which the hoop layers are overlapped with each other is
outside the above range (that is, one end of the overlapped
portion is located at the small-diameter-end-part side spaced
less than 125 mm apart from the small-diameter end part of
the shaft or the other end of the overlapped portion is located
at the large-diameter-end-part side spaced more than 925 mm
apart from the small-diameter end part of the shaft), it is
difficult to achieve sufficient weight lightening.

Shapes of'the first hoop layer 3A and the second hoop layer
5A are not particularly limited, but are preferably formed so
as to come in contact with the small-diameter-side end part or
the large-diameter-side end part of the shaft, respectively, as
described in the above (8) and (14), in terms of handleability,
easy winding, and winding accuracy. By the shapes formed in
this way, variations in strength become smaller and the weight
can be further lightened. When the shapes do not come in
contact with the large-diameter-side end part and the small-
diameter-side end part, there are possibilities that winding
wrinkles may easily occur and the strength may be reduced.
In addition, preferably, an extension portion (also referred to
as a relief (Nigashi)) of 25 to 100 mm is provided at the other
end part of the first hoop layer 3A and the second hoop layer
5A (thatis, in the first hoop layer 3A or the second hoop layer
5A, an end part located opposite to the small-diameter-side
end part or the large-diameter-side end part of the shaft).
When the extension portion (relief) does not exist or is too
small, a step occurs at the shaft outer diameter to cause a steep
change, and thus the strength may be reduced. When the
extension portion (relief) is too large, the weight is increased,
and thus it is not preferred. The extension portion (relief) is
formed by cutting off the end part of each layer in a triangular
shape and is provided to avoid stress concentration and to
relieve the stress. The extension portion (relief) is not
included in a length of the overlapped portion between the
hoop layers. Naturally, as illustrated in FIG. 9, even in the
case where the first hoop layer 3B is formed in a full length
and the second hoop layer 5B is formed only in an interme-
diate portion, the same effect is achieved. Even in this case,
preferably, the extension portions (relief) are provided at both
ends of the second hoop layer 5B.

A stacking order of the first hoop layer 3A and the second
hoop layer 5A is not limited, but preferably, the hoop layer of
the large-diameter side is disposed outside as much as pos-
sible as described in the above (21) and (26). In general, the
shaft is flexible at the small-diameter side and is stiff at the
large-diameter side. When a bending load is applied, the
small-diameter side is large in a deformation ratio of a bend-
ing mode, but the large-diameter side is stiff to hardly bend
and thus becomes larger in a deformation ratio of a crushing
mode. Therefore, the hoop layer effective in crushing is dis-
posed outside, and thus it is possible to obtain the higher
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strength. Generally, the outside disposition increases areas of
the hoop layers, resulting in increasing a contribution to shaft
performance. Specifically, the hoop layer is preferably dis-
posed outside relative to the bias layer 4.

However, two or more straight layers are preferably dis-
posed outside the hoop layer. In addition, the straight layers
provided outside the hoop layer are preferably equal to or less
than seven layers. The shaft is subjected to polishing in the
end. For this reason, when two or more straight layers are not
provided on an outer layer of the hoop layer, a portion of the
hoop layer may be exposed to an outermost layer. When the
hoop layer is exposed to the outermost layer, a surface layer of
the hoop layer is also polished, which causes the reduction in
strength.

On the other hand, the hoop layer of the small-diameter
side is preferably disposed inside as described in the above
(21) and (26). As described above, since the small-diameter
side has the high ratio of the bending mode, the straight layer
contributing to the bending is preferably disposed outside.
Naturally, since the small-diameter side has also the ratio of
crushing, at least one hoop layer is preferably provided. Spe-
cifically, the hoop layer is preferably disposed inside relative
to the bias layer 4.

In addition, as described in the above (9), (15), (20), and
(25), the hoop layer (second layer) disposed at the large-
diameter side has preferably a thickness thicker than the hoop
layer (first layer) disposed at the small-diameter side. This is
because the thick hoop layer has the higher contribution to the
crushing and a further uniform strength distribution can be
realized by disposing the thick hoop layer at the large-diam-
eter side as described above.

The hoop layers 3A and 5A are layers formed of carbon
fiber-reinforced resins and is formed of carbon fibers oriented
at an orientation angle of a substantially right angle relative to
a longitudinal-axis direction of the shaft. Specifically, as
described in the above (7) and (13), the range of substantially
right angle is +85° to +95°, which includes forming errors. As
the carbon fibers are oriented substantially at right angles,
crushing rigidity is improved, resulting in contributing to the
strength.

The bias layer 4 is a layer formed of the carbon fiber-
reinforced resins and contains carbon fibers oriented at an
orientation angle of +35° to +55° relative to the longitudinal-
axis direction of the shaft and carbon fibers oriented at an
orientation angle of —35° to —=55° relative to the longitudinal-
axis direction of the shaft. In general, an absolute value of a
positive orientation angle is the same as that of a negative
orientation angle.

When the orientation angle is too small, the bending rigid-
ity of the shaft is improved. However, in this case, torsional
rigidity becomes too small. In addition, when the orientation
angle is too large, the crushing rigidity of the shaft is
improved, but the torsional rigidity becomes too small.

A positive-orientation-angle layer and a negative-orienta-
tion-angle layer constituting the bias layer 4 are preferably
attached to each other by substantially shifting half in a cir-
cumferential direction. When the positive-orientation-angle
layer and the negative-orientation-angle layer are attached to
each other without shifting, there are problems that an
unevenness of a winding end increases and poor appearance
or reduction in strength occurs, which is not preferred. In
addition, the positive-orientation-angle layer and the nega-
tive-orientation-angle layer constituting the bias layer 4 have
preferably a thickness of 0.02 mm or more and 0.08 mm or
less, respectively. When the bias layer is too thin, the number
of times of winding becomes too many or wrinkles occur at
the time of winding, which is not preferred. On the other hand,
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when the bias layer is too thick, it is necessary to reduce the
number of turns for the weight lightening. For this reason, the
number of turns becomes insufficient, and there is a possibil-
ity that the torsional strength becomes insufficient.

As described in the above (22), (23), (27), and (28), in the
shaft, the bias layer is preferably provided to have two or more
layers. Further, the bias layer is preferably provided to have
seven layers or less. This is derived from a viewpoint of the
stability of the torsional strength. As described above, when
each of the positive and negative layers is wound with shifting
half in the circumferential direction, the bias layer is prefer-
ably provided to have 1.5 or more layers. The weight of the
shaft can be more lightened as the number of the bias layer
becomes less.

The straight layers 6, 7, and 8 are formed over the full
longitudinal direction of the shaft. The straight layers are
layers formed of carbon fiber-reinforced resins and contain
carbon fibers oriented substantially parallel to the longitudi-
nal-axis direction of the shaft. As described in the above (7),
(12), (13), (19), and (24), the substantially parallel range is
-5° to +5°, which includes forming errors. As the carbon
fibers are oriented substantially parallel to the longitudinal-
axis direction of the shaft, the bending rigidity can be
improved.

In addition, a thickness of a fiber-reinforced resin sheet
forming the straight layer is preferably 0.05 to 0.15 mm and
more preferably 0.06 to 0.13 mm. It is not possible to improve
the bending rigidity when the thickness of the straight layer is
too thin, whereas the shaft becomes too heavy and the weight
lightening is sufficiently achieved when the thickness is too
thick.

The number of straight layers is not limited thereto, but is
preferably three or more layers and six layers or less. When
the number of straight layers is too few, variation in strength
increases and a certain number of shafts below reference
strength are prepared. Therefore, a balance between the
weight lightening and the strength is difficult. In the case
where the number of straight layers is too many, it is neces-
sary to further reduce the thickness of one layer, but it is
necessary to lower a volume content of fiber in order to stably
produce thin prepreg. In this case, since the weight increases
due to the resin, the weight lightening is difficult. Specifically,
the volume content of fiber is preferably 60% or more and
more preferably 65% or more. In addition, the volume content
of fiber in the bias layer 4 is preferably 75% or less and more
preferably 70% or less from the fact that a certain degree of
resin amounts is required such that matrix resins and reinforc-
ing fibers sufficiently come into close contact with each other.

Examples of resin components constituting the bias layer 4
and the straight layers 6, 7, and 8 may include an epoxy resin,
an unsaturated polyester resin, an acrylic resin, a vinyl ester
resin, a phenolic resin, a benzoxazine resin or the like. Among
these resins, the epoxy resin increases the strength after hard-
ening, which is preferred.

Further, as illustrated in FIG. 10, a front-end straight rein-
forcing layer 11 and a rear-end straight reinforcing layer 12
may be provided. At that time, the front-end straight reinforc-
ing layer 11 and the hoop layer 5A are preferably overlapped
with each other, and the rear-end straight reinforcing layer 12
and the hoop layer 3A are preferably overlapped with each
other in the same way. The overlapped length is preferably 0
to 30 mm from the viewpoint of the balance between the
strength and the weight lightening. In FIG. 10, an end part Y1
is a winding start position of the first hoop layer 3A. An end
part Y2 is a winding start position of the front-end straight
reinforcing layer 11. An end part Y3 is a winding start position
of'the rear-end straight reinforcing layer 12. Anend part Y4 is
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a winding start position of the second hoop layer 5A. In
addition, an end part Z1 is a winding end position of the first
hoop layer 3A. An end part Z2 is a winding end position of the
front-end straight reinforcing layer 11. An end part Z3 is a
winding end position of the rear-end straight reinforcing layer
12. An end part Z4 is a winding end position of the second
hoop layer 5A.

The golf club shaft according to an aspect of the invention
is a golf club shaft formed of one or more fiber-reinforced
resin layers and is characterized by satisfying Formula 1
below and strength reference values of [1] to [4] below when
flex in a cantilever bending test is defined as x [mm], a mass
of'the golf club shaft is defined as M [g], and a length thereof
is defined as L. [mm]

Mx(L/1168)<49.66¢00015* (Formula 1)

[1] Strength at T-90 (a position 90 mm apart from the small-
diameter end part) is 800 N or more

[2] Strength at T-175 (a position 175 mm apart from the
small-diameter end part) is 400 N or more

[3] Strength at T-525 (a position 525 mm apart from the
small-diameter end part) is 400 N or more

[4] Preferably, strength at B-175 (a position 175 mm apart
from the large-diameter end part) is 400 N or more, and the
strength at T-90 is 1200 N or less. The strength at T-175 is
preferably 1200 N or less. The strength at T-525 is preferably
1200 N or less. The strength at B-175 is preferably 1200 N or
less.

The length of the golf club shaft according to the aspect of
the invention is preferably 1092 mm or longer, and is prefer-
ably 1194 mm or shorter.

<Method of Cantilever Bending Test>

As illustrated in FIG. 2, the shaft is supported from a lower
side at a position 920 mm apart from the end part of the
small-diameter side and is supported from an upper side at a
position 150 mm further apart therefrom in the large-diameter
side direction (a position 1070 mm apart from the end part of
the small-diameter side), and a load of 3.0 kgf is dropped to
the shaft at a position 10 mm apart from the small-diameter
side. At this time, flex of the small-diameter-side end part
denotes “flex x in the cantilever bending test” according to the
invention, which is in mm.

In the aspect of the invention, Mx(L/1168) indicates a
conversion mass when the length of the shaft is 1168 mm.
Since general wood golf club shafts have different length
according to makers or models, it is difficult to simply indi-
cate a relation between weight and strength. Accordingly, the
conversion mass was used. In some cases, the conversion
mass will be described using “y” as in Mx(L./1168)=y in the
following description including the drawings.

FIG. 3 illustrates results obtained by performing a three-
point bending strength test on a shaft having various kinds of
weight and stiftness which is prepared using a material (car-
bon fiber-reinforced resin layer having an elastic modulus of
295 GPa) considered to be most suitable for the weight light-
ening at the present state in the prior art. White circles indicate
that the strength reference is satisfied, and x-marks indicate
that the strength reference is not satisfied. In this way, a line of
y=49.66 e=2-°°1>* represents a line of the lightest weight to
achieve a reference strength standard in the prior art. The line
of y=49.66 e7°°°15* was obtained by the following manner.

(1) Six shafts were each prepared which had the flex x of
215 mm, 160 mm, and 125 mm measured by the cantilever
bending test, satisfied the reference strength standard in the
prior art, and had the lightest weight. Specifically, the shafts
having the flex x 0f 215 mm, 160 mm, and 125 mm measured
by the cantilever bending test were prepared as in Compara-
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tive Example 1, Comparative Example 2, and Comparative
Example 3 to be described below, respectively.

(i1) The weight of each shaft was measured and an average
value of the weight per the shaft having each variation quan-
tity was obtained.

(iii) In the formula y=Mx(1./1168), “M” was substituted by
the average value of the weight of the shaft obtained in the
above (i), thereby obtaining values of y in the variation
quantity x of 215 mm, 160 mm, and 125 mm.

(iv) An approximate formula was obtained in the form ofan
exponential function by approximating three points of y
obtained in the above (iii) according to a least-squares
method.

The approximate formula is not necessarily required to use
the exponential function, but the exponential function repre-
sents phenomena well. In addition, as indicated in the above
(iii), even when the full length of the shaft is changed, the
values obtained at T-90, T-175, T-525, and B-175 may be also
used without any trouble so long as the full length is in the
range of 1092 to 1194 mm.

In addition, variation may generally occur in the range of
+3 o in the three-point bending test. Then, the weight may be
below y=49.66 &~°°°13* due to the variation even in the prior
art. In order to eliminate this concern, it is preferred that the
golf club shaft satisfies the range of Formula 2 below.

Mx(L/1168)<49.20e™0-0015* (Formula 2)

The higher strength is required as the rigidity (stiffness) of
the shaft becomes higher. Generally, this is because persons
having a high club head speed tend to use the stiff shaft.
Therefore, the golf club shaft is preferred to satisfy the range
of Formula 3 below.

Mx(L/1168)<46.73¢0-0013* (Formula 3)

In addition, when the conversion mass is less than 20 g,
players likely to feel discomfort at the time of swing, resulting
in unsatisfactorily acting as a shaft. For this reason, the golf
club shaft is preferred to satisfy the range of Formula 4 below.

20=Mx(L/1168) (Formula 4)

Further, since the swing is easy when the conversion mass
is 25 g or more, the golf club shaft is preferred to satisfy the
range of Formula 6 below.

25=Mx(L/1168) (Formula 6)

In addition, when the lightest weight shaft is prepared
using the aspect of the invention, Mx(L./1168), which is the
conversion mass, was recorded as 28.1 g,30.5g,and31.5gin
the shafts having the flex x 0f 215 mm, 160 mm, and 125 mm
measured by the cantilever bending test. These three points
are approximated in the form of the exponential function
using the least-squares method, which may be referred to as
lower limit values of the conversion mass. That is, the lower
limit values are more preferred to satisfy Formula 5 below.

35.97¢7 0001 22k (1/1168) (Formula 5)

When the lightest weight shaft is prepared in a more stably
manner, the lower limit values of the conversion mass are
preferred to satisfy Formula 7 below.

42,4067 000 < M (1/1168) (Formula 7)

Further taking the variation into consideration, the lower
limit values of the conversion mass are more preferred to

satisfy Formula 8 below.
42.89¢ 00099 <A1 (1/1168) (Formula 8)

The foregoing formulas were graphically illustrated in
FIG. 4.
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As described above, it is possible to achieve more accu-
rately the weight, rigidity, and strength, which have been
difficult to achieve in the prior art, using the technique of the
invention.

As can be confirmed from FIG. 4, a stiff shaft has a larger
difference from the prior art, compared to a flexible shaft.
That is, since the invention is significantly applied to the stiff
shaft compared to the flexible shaft, the invention can be
applied to a shaft having the rigidity of preferably 160 mm or
less and more preferably 125 mm or less. In addition, it is
preferred to apply to a shaft having the rigidity of 100 mm or
more.

An example of a method of manufacturing the golf club
shaft satisfying the above condition is described, but the
invention is not limited to the following manufacturing
method.

First, basic matters, that is, basic properties, a description
of each layer, and factors affecting the strength of the golf
club shaft will be described.

<Basic Properties of Golf Club Shaft>

The heavier the weight, the higher the strength: the lighter
the weigh, the lower the strength (under the same stiff-
ness)

The more the shaft is flexible, the lighter the weight: the
stiffer the shaft, the heavier the weight (under the same
strength)

The more the shaft is flexible, the higher the strength: the
stiffer the shaft, the lower the strength (under the same
weight)

<Description of Each Layer of Golf Club Shaft>

An angle layer has an influence on the difficulty in torsion.
As materials having a high elastic modulus are used, the
torsion becomes difficult, but when the elastic modulus is
high, the shaft becomes brittle and is easily broken. Even in
the case of materials having a low elastic modulus, as the
layer is thickly formed in a multi-layer, the torsion becomes
difficult. However, when the layer is thickly formed in the
multi-layer, the golf club shaft becomes heavy.

The straight layer has an influence on the difficulty in
bending. As the materials having the high elastic modulus are
used, the bending becomes difficult (the layer becomes stiff),
but when the elastic modulus is high, the shaft becomes brittle
and is easily broken. Even in the case of the materials having
the low elastic modulus, as the layer is thickly formed in a
multi-layer, it becomes stiff. However, when the layer is
thickly formed in the multi-layer, the golf club shaft becomes
heavy.

The hoop layer has an influence on the difficulty in
strength. As the materials having the high elastic modulus are
used, the strength is increased, but when the elastic modulus
is high, the shaft becomes brittle and is easily broken. Even in
the case of the materials having the low elastic modulus, as
the layer is thickly formed in a multi-layer, the strength is
increased. However, when the layer is thickly formed in the
multi-layer, the golf club shaft becomes heavy.

<Factors Affecting Strength of Golf Club Shaft>

In addition to the hoop layer, the angle layer and the
straight layer also affect the strength of the golf club shaft.
Conditions for increasing the strength of the golf club shaft
are as follows:

The elastic modulus of the angle layer is low.

The angle layer is thick.

The elastic modulus of the straight layer is low.

The straight layer is thick.

The elastic modulus of the hoop layer is high.

The hoop layer is thick.
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The basic idea is that “the heavier the weight, the higher the
strength, and the lighter the weight, the lower the strength”.
However, since the degree of contribution to the strength is
different for each layer, the design is made by appropriately
adjusting according to the aim of the weight or the stiffness.
Specifically, measures are taken as follows.

<<Measures to be Taken when Weight of Golf Club Shaft
is Too Heavy>>

For example, a shaft of the weight: 40 g and the flex: 180
mm in the cantilever bending test is considered (black square
in FIG. 5). When a person skilled in the art intends to lighten
the weight of such a shaft up to that ofthe golf club shaft of the
invention (in order to satisty the above condition of Formula
2 in one aspect of the invention), the following method is
considered, but the intent that the weight cannot lightened by
the existing method will be described below.

Prior method A: To fix the rigidity and to lighten only the
weight (designed in a direction of a downward arrow in FIG.
5)

Prior method B: To fix the weight and to stiffen only the
rigidity (designed in a direction of a right arrow in FIG. 5)

Prior method C: A compromise plan between the prior
method A and the prior method B

The method of the cantilever bending test is as described
above, and the flex x measured by the cantilever bending test
is sometimes referred to as the “rigidity” in the invention.

<Prior Method A>

For example, when the prior method A is employed, the
design corresponds to the following conditions:

(1) To make the angle layer thin.

(i1) To form the straight layer using stiff materials while
making it thin (when the straight layer is formed only to be
thin, since the shaft is designed as “a direction of, for
example, a left-slanted downward arrow” in FIG. 6, the
weight is not lightened).

Atthis time, even when any one of the conditions (i) and (ii)
is employed, the strength decreases.

<Prior Method B>

For example, when the prior method B is employed, the
design corresponds to the following conditions:

(iii) To form the straight layer using stiff materials.

(iv) To make a mandrel thick and to make the entire shaft
thick.

At this time, even when any one of the conditions (iii) and
(iv) is employed, the strength decreases.

<Prior Method C>

For example, when the prior method c is employed, the
design corresponds to the following conditions:

(v) To simultaneously perform the condition (i) in the
method A and the condition (iii) or (iv) in the method B. At
this time, the degree of the conditions (i), (iii), and (iv) is
appropriately changed.

(vi) To simultaneously perform the condition (ii) in the
method A and the condition (iii) or (iv) in the method B. At
this time, the degree of the conditions (ii), (iii), and (iv) is
appropriately changed.

For example, when attempting to achieve the weight light-
ening while ensuring the strength in the same manner as the
prior art disclosed in Patent Document 1, the strength at T-90,
T-175, and B-175 is cleared, but the strength at T-525 is
insufficient (that is, the line of y=49.66 ¢™%°°!>* becomes a
line of the lightest weight for achieving the strength at T-525
in the prior art).

In addition, when the weight lightening of the shaft having
the weight: 40 g and the flex: 180 mm in the cantilever
bendingtest is achieved as follows using the prior art (FIG. 6).
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<1> In the case of lightening the weight (designed in a
direction of a downward arrow in FIG. 6), it is necessary to
use materials having a high elastic modulus or to reduce
materials to be used. If the materials having the high elastic
modulus are used, the shaft becomes brittle and thus has
necessarily insufficient strength. Accordingly, it is necessary
to reduce the materials to be used.

<2>In the case of reducing the materials to be used without
changing the elastic modulus, the shaft becomes flexible.

<3> As a result, the relation between the weight and the
stiffness advances in a lower left direction (designed in a
direction of aleft-slanted downward arrow in FIG. 6) and may
not exceed the line of 49.66 e7%-°°15~,

As described in <1>to <3>, according to the prior design,
it may be impossible to lighten only the weight while main-
taining the stiffness and the strength.

In the invention, the strength at T-90, T-175 and B-175,
which tends to be excessive, is reduced and the insufficient
strength at T-525 is compensated, resulting in taking the
balance between the weight lightening and the strength,
which could not be achieved until now. Specifically, the
weight and the strength can be positioned in a range lower
than an upper limit of Formula 1 described above by provid-
ing an arrangement, materials, and a laminated structure of
the angle layer, the straight layer, and the hoop layer accord-
ing to the arrangement, the materials, and the laminated struc-
ture of the invention.

An object of the invention is to achieve both of the light
weight and the strength, based on the above description.

Hereinafter, specific designs will be further described.

<Design of Mandrel>

After heating and hardening a fiber-reinforced resin layer
wound around a core to be called a mandrel, a golf club shaft
can be obtained by pulling out the mandrel. For this reason,
the relation between a diameter and a thickness of the mandrel
and the shaft is as follows.

Inner diameter of golf club shaft=outer diameter of man-

drel

Thickness of shaft=(outer diameter of shaft- outer diam-

eter of mandrel)x4

In addition to the laminated structure, since the mandrel
has a large influence on the rigidity, the weight, and the
strength (since the thickness of the shaft has an influence), a
design of the mandrel will be described below.

“With Respect to T-90”

It is apparent from studies until now that the strength at
T-90 generally depends on the thickness thereat. Since T-90
indicates a position of 90 mm from the small-diameter end
part, the strength at T-90 is mostly determined if the diameter
of small-diameter end part of the shaft is determined That is,
the following equation is satisfied.

Rm=Rs-LsxTp-Th

Rm: mandrel outer-diameter at T-90=shaft inner-diameter
at T-90

Rs: shaft outer diameter at small-diameter end part

Ls: length of straight portion (the straight portion of the
small-diameter end part having the same diameter only at a
normally certain range is formed in consideration of an inser-
tion into the club head.)

Tp: tapered degree of mandrel (the thickness at T-90 is also
different depending on Tp)

Th: thickness at T-90

A mandrel is designed such that the thickness of the shaft at
T-90 is 0.7 mm or thicker and 1.3 mm or thinner using the
above equation. This is because the strength is insufficient
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when the thickness of the shaft is too thin and because the
weight of the shaft becomes large when the thickness is too
thick.

As described above, the following ranges are satisfied:

From the viewpoint of the strength and the weight, 0.7
mms=Th<1.3 mm,;

From a normal standard range of a wood golf club shaft, 8.0
mm=Rs=9.2 mm;

From a tapered range of a mandrel to be usually used,
6/1000<Tp=12/1000; and

From the viewpoint of the straight portion of the small-
diameter end part necessary for the insertion of the club head,
40 mm=[.s=<125 mm.

From the above, the range of Rm is generally as follows.

5.2 mm=Rm=8.26 mm

In addition, further taking the balance between the strength
and the weight into consideration, the following ranges are
more preferred.

0.9 mm=<Th<1.1 mm

8.3=mm Rs=<8.9 mm

8/1000=Tp=10/1000

60 mm=[.s=<100 mm

6.2 mm=Rm=7.2 mm

“With respect to T-175 and T-525”

Any diameter may be employed in view of the balance
between the rigidity, the weight, and the strength. When the
diameter is thick, the rigidity is increased by that much, but
the strength is correspondingly lowered. Thus, it is necessary
to maintain predetermined strength by increasing the weight
(increasing the thickness). When the diameter is thin, the
rigidity is reduced, but it is necessary to provide a difference
between the invention and the prior art by aiming achieve-
ment of further lightening the weight.

In view of the above, T-175 and T-525 are the same even for
any diameter of the mandrel.

“With respect to B-175”

With respect to B-175, any diameter is also possible as in
T-175 and T-525, but the diameter is preferably 13.0 to 15.0
mm and more preferably 13.5 to 14.5 mm. At B-175, as in
T-175 and T-525, the thicker the diameter, the higher the
rigidity, but the degree of contribution is higher compared to
T-175 and T-525. For this reason, it is difficult to obtain
sufficient rigidity when the thickness is too thin, and it is
difficult to obtain sufficient strength when the thickness is too
thick.

<Selection of Angle Layer>

A thickness of a fiber-reinforced resin sheet forming the
angle layer is preferably 0.060 mm or less and more prefer-
ably 0.050 mm or less. In addition, the thickness of the fiber-
reinforced resin sheet forming the angle layer is preferably
0.005 mm or more. When the angle layer is too thick, it is
difficult for the angle layer to be wound to have 1.5 layers or
more (since a positive orientation angle and a negative orien-
tation angle are paired, the angle layer has virtually three
layers. In the case where the angle layer does not satisfy 1.5
layers, there is a high possibility of breakage due to torsional
fracture even when satistying the bending strength reference.
When the fiber-reinforced resin sheet forming the angle layer
is too thick, if the angle layer is wound to have 1.5 layers or
more, it becomes overweight. The breakage due to the tor-
sional fracture depends on the number of angle layers, a
reference value of which is generally 1.5 layers. As described
above, in the case where the angle layer is wound to have 1.5
layers with the thickness of 0.10 mm, it becomes overweight.
In the case where the thickness of the fiber-reinforced resin
sheet is 0.060 mm, even when the angle layer is wound to have
1.5 layers, it does not become overweight.
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As the elastic modulus of the fiber-reinforced resin sheet
forming the angle layer, it is preferable to have 280 to 400
GPa. When the elastic modulus is too low, the torsional
strength increases, but a torsional angle (torque) becomes
large. Accordingly, in this case, it is difficult to obtain pre-
ferred performance as the golfclub. For this reason, the torque
is preferably 8° or less. In addition, the torque is preferably 4°
or more. When the elastic modulus is too high, it becomes
brittle, and thus there is a possibility that the torsional strength
is insufficient.

A method of measuring the torque is as follows.

[Method of Measuring Torque]

As illustrated in FIG. 12, a position 1035 mm apart from
the end part of the small-diameter side of the shaft is fixed and
a torsional load is applied to a position of 45 mm. The mag-
nitude of the torsional load is defined by applying a magni-
tude of 1.152 kgf'to a position 120 mm apart from an axial line
of the shaft. At this time, the torsional angle of the small-
diameter-side end part of the shaft is defined as the torque.

[Torsional Strength]

The torsional strength is measured by multiplying a
weighed value when the shaft is fractured at the time of
adding a torsional weight by a fracture angle at that time. FIG.
13 is a diagram schematically illustrating a method of mea-
suring the torsional strength. In the method of measuring the
torsional strength, a small-diameter end part W1 and a large-
diameter end part W2 of a shaft are fixed. As in the bending
strength, the reference value is preferably 800 N-m-deg or
more in general. More preferably, the reference value is 1000
N-m-deg or more. In addition, the torsional strength is pref-
erably 3000 N'm-deg or less and more preferably 2000
N-m-deg or less.

<Selection of Straight Layer>

Preferably, the straight layer has at least three layers. More
preferably, the straight layer has four layers or more. This is
because a multilayer structure has small variation in the
strength. On the other hand, when the straight layer is too
multi-layered, a thin material is required and the volume
content of the fiber is reduced in terms of manufacturability of
the prepreg. Therefore, the straight layer preferably has seven
layers or less and more preferably has six layers or less. In the
case of two layers or less, since the variation in the strength is
too large, it is extremely difficult to seek a limit value of the
strength.

At least one layer of the fiber-reinforced resin sheet form-
ing the straight layer preferably uses a middle-clasticity grade
0128010 330 GPa, and two layers or more preferably have the
middle-elasticity grade. In addition, at least one layer prefer-
ably has a high-strength grade of 220 to 250 GPa. When all of
the layers are produced with the high-strength grade, there is
a possibility of being overweight. Preferably, the shaft is
produced such that at least one layer has the middle-elasticity
grade of 280 to 330 GPa and the remaining layers have the
high-strength grade of 220 to 250 GPa in terms of the
strength. When the high-elasticity grade exceeding 330 GPa
is used, the shaft becomes stiff and brittle, and thus there is a
high possibility that the strength is insufficient. Even if
numerical strength is achieved, there is a risk of breakage
when is actually used. For this reason, the use of the high-
elasticity grade exceeding 330 GPa should be avoided.

<Selection of Hoop Layer>

The hoop layer is formed of two fiber-reinforced resin
layers, and the two fiber-reinforced resin layers are partially
overlapped with each other. Preferably, one end of the over-
lapped portion is located between 125 mm and 375 mm from
the small-diameter end part of the shaft, and the other end
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thereof is located between 675 mm and 925 mm from the
small-diameter end part of the shaft.

When one end of the overlapped portion described above is
located at the small-diameter-end-part side spaced less than
125 mm apart from the small-diameter end part, since the
overlapped region becomes longer, the surplus weight occurs
and the weight of the shaft increases. Even when the other end
of'the overlapped portionis located at the large-diameter-end-
part side spaced more than 925 mm apart from the small-
diameter end part, since the overlapped region becomes
longer, the surplus weight occurs and the weight of the shaft
increases. In addition, when the strength is measured at
T-525, since the three-point bending test is performed at
positions £150 mm away from around the position 525 mm
apart from the small-diameter end part, if the overlapped
portion of the hoop reinforcing layers is not present at a region
atleast 375 to 675 mm apart from the small-diameter end part
of the shaft, the strength becomes insufficient. The over-
lapped configurations described above may include those
formed by (1) and (2) below, for example, (1) a method of
forming such that the first hoop layer 3A comes in contact
with the end part of the small-diameter side and the second
hoop layer 5A comes in contact with the end part of the
large-diameter side as illustrated in FIG. 8 and (2) a method of
forming by the first hoop layer 3B over the full length and the
second hoop layer 5B not having both ends as illustrated in
FIG. 9.

The thickness of the fiber-reinforced resin sheet forming
the hoop layer is preferably 0.025 to 0.065 mm. The strength
becomes insufficient when the thickness is too thin, and it is
overweight when the thickness is too thick.

In addition, the fiber-reinforced resin sheet forming the
hoop layer preferably has the elastic modulus of 220 to 400
GPa. Itis difficult to obtain sufficient strength when the elastic
modulus is too low, and static strength is easily obtained when
the elastic modulus is high, but it becomes brittle with
dynamic strength when exceeding the upper limit value of the
range described above.

Further, the hoop layer to be disposed at the large-diameter
side of the shaft is preferably wound outside as far as possible.
This is because the strength of the shaft is significantly
increased when the hoop layer to be disposed at the large-
diameter side is wound outside. With respect to each hoop
layer, it is considered that the thickness thereof most contrib-
utes to the strength, but the elastic modulus thereof also
slightly contributes to the strength of the shaft. For this rea-
son, the elastic modulus of the fiber-reinforced resin sheet
forming the hoop layer is preferably 200 to 400 GPa. When
the elastic modulus is too low, there is a possibility that the
strength becomes insufficient when the shaft is prepared.
When the elastic modulus is too high, it becomes a brittle
material, and thus there is concern that the rate of breakage
increases.

In addition, the flexible shaft having a low rigidity tends to
have the lowest strength at T-525 and to have the same
strength at T-175 and B-175, but the stiff shaft having a
relatively high rigidity tends to have the lowest strength at
T-525, to have the second lowest strength at T-175, and to
have the highest strength at B-175. Therefore, the thickness of
the fiber-reinforced resin sheet forming the hoop layer of the
small-diameter side to be used in the flexible shaft (longer
than 160 mm) having the low rigidity is preferably 0.02 to
0.04 mm. The strength becomes insufficient when the thick-
ness is too thin, and the weight is increased too much when the
thickness is too thick.

In the stiff shaft (160 mm or shorter) having the high
rigidity, the thickness of the fiber-reinforced resin sheet form-
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ing the hoop layer of the small-diameter side is preferably
0.045 10 0.07 mm. The reason is the same as described above.

The thickness of the fiber-reinforced resin sheet forming
the hoop layer of the large-diameter side is preferably 0.045 to
0.07 mm in any rigidity. In the scope of the invention, there is
no significant difference due to the elastic modulus of the
hoop layer and the thickness of the hoop layer is an important
factor.

EXAMPLES

The invention will be described below in detail through
Examples, but the invention is not limited to the following
Examples.

As the fiber-reinforced resin layer described above, for
example, carbon prepreg (manufactured by Mitsubishi Rayon
Co., Ltd.) indicated in Table 2 can be used.

TABLE 2

Tensile

elastic Resin

modulus Weight content  Thickness

Prepreg Product number (GPa) (gm?)  (mass %) (mm)

A TR350C0758 235 75 25 0.062
B TR350C1008 235 100 25 0.083
C  TR350C1258 235 125 25 0.103
D  TR350C1508 235 150 25 0.124
E  TR350C1758 235 175 25 0.145
F  TR3501050 235 54 374 0.058
G TR350E100R 235 100 30 0.091
H  TR350E1258 235 125 30 0.113
I TR350E1508 235 150 30 0.136
I MR350C0508 295 58 25 0.05
K MRX350C075R 295 75 25 0.063
L  MRX350C100R 295 100 25 0.085
M MRX350C125R 295 125 25 0.106
N MRX350CI150R 295 150 25 0.127
O  MRX350K0208 295 23 40 0.026
P MRX350J0508 295 54 375 0.058
Q  HRX350C0508 390 58 25 0.048
R HRX350C0758 390 69 25 0.057
S HRX350C1008 390 92 25 0.076
T  HRX350C1258 390 116 25 0.096
U  HSX350C0508 450 58 25 0.047
V. HSX350C0758 450 69 25 0.056
X  HSX350C1008 450 92 25 0.075
Y  HSX350C1258 450 116 25 0.095

Comparative Example 1

FIG. 7 is a schematic diagram illustrating a laminated
structure in Comparative Example 1 of the invention.
After heating and hardening prepreg sequentially wound
around an iron core to be called a mandrel 1, a shaft can be
obtained by pulling out the mandrel 1.
The mandrel 1 has the full length of 1500 mm, and the
diameter thereof is as follows, counted from the small-diam-
eter side.
Diameter at a position 0 mm apart from the small-diameter
side: 4.80 mm

Diameter at a position 180 mm apart from the small-diam-
eter side: 6.45 mm

Diameter at a position 280 mm apart from the small-diam-
eter side: 7.95 mm

Diameter at a position 950 mm apart from the small-diam-
eter side: 14.00 mm

Diameter at a position 1500 mm apart from the small-
diameter side: 14.00 mm

In Examples and Comparative Examples of the invention,
the shaft was obtained using the mandrel 1 described above in
such a manner that after heating and hardening the prepreg
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sheet wound around the mandrel from a position 120 mm
apart from the small-diameter end part of the mandrel at a full
length of 1190 mm, the mandrel 1 was pulled out, and then the
shaft having the full length of 1168 mm, the small-diameter-
end-part outer diameter of 8.5 mm, and the large-diameter-
end-part outer diameter of 15.1 to 15.3 mm was obtained by
polishing it after cutting 10 mm off the small-diameter end
part and cutting 12 mm off the large-diameter end part. How-
ever, the mandrel to be used is not limited thereto.

Inthe mandrel 1, a step-part reinforcing layer 2 (prepreg G)
was laminated to have three layers at a position between 120
and 180 mm (up to 60 mm from the front-end of the shaft
before cutting). A first hoop layer 3C (prepreg P) and a bias
layer 4 (two-layered prepreg U) formed of a carbon fiber
formed and pasted at an angle of £45° were laminated on the
outside of the step-part reinforcing layer. A second hoop layer
5C (prepreg P) was wound around the outside of the bias
layer, and a first straight layer 6 (two-layered prepreg K), a
second straight layer 7 (prepreg L), and a third straight layer
8 (prepreg M) were further sequentially wound around the
outside of the second hoop layer. A front-end reinforcing
layer 9 was wound around the outside of the third straight
layer up to a position 100 mm apart from the front-end, and
finally, an outer diameter adjusting layer 10 was wound.

As described above, after heating and hardening the man-
drel 1 wound by each fiber-reinforced resin layer, the mandrel
1 was pulled out, and then the shaft having the full length of
1168 mm was obtained by polishing it after cutting 10 mm off
the small-diameter side and cutting 12 mm off the large-
diameter side. Thereafter, other Comparative Examples and
Examples will be described in detail, but a winding position
or the like is based on the laminated structure after cutting,
unless otherwise specified. For example, the description of
“100 mm apart from the front-end of the small-diameter side”
represents 100 mm at a state where the shaft is completed, and
when being converted into a value before cutting, it becomes
“110 mm apart from the front-end of the small-diameter side”
in consideration of a cut portion.

In addition, as for the fiber-reinforced resin layer such as
the step-part reinforcing layer 2 or the first outer diameter
adjusting layer 9 for partially reinforcing, the shape ofthe end
partis cut off in a triangular shape. This is so called “extension
portion (relief)”, which is used to avoid stress concentration,
but the length of the “extension portion (relief)” is 100 mm
and is not included in the full length of the reinforcing layer
unless otherwise specified. For example, the first outer diam-
eter adjusting layer 9 of this Comparative Example extends
100 mm from the front-end but is laminated to have one layer
up to a position of 100 mm, and the extension portion (relief)
continuously extends 100 mm from the position. It is consid-
ered that the number of laminated layers gradually decreases
(for example, a half layers) due to a lamination ratio of the
extension portion and a layer is not exactly present (lamina-
tion ratio of the extension portion is 0) at a position 200 mm
apart from the front-end. The following Examples are the
same.

Comparative Example 2

Comparative Example 2 is a case where the straight layers
of Comparative Example 1 are modified to the following
prepregs, respectively.

First straight layer 6 (prepreg M)

Second straight layer 7 (prepreg N)

Third straight layer 8 (prepreg N)

By the above configuration, a stiff shaft, where the flex in
the cantilever bending test is small, that is, the rigidity is high,
is prepared. The weight becomes heavy by that much.

Comparative Example 3
Comparative Example 3 is a case where straight layers of

Comparative Example 1 are modified to the following
prepregs, respectively.
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First straight layer 6 (two-layered prepreg M)

Second straight layer 7 (prepreg N)

Third straight layer 8 (prepreg N)

By the above configuration, a stiff shaft, where the flex in
the cantilever bending test is small, that is, the rigidity is
higher, is prepared. The weight becomes heavy by that much.

Comparative Example 4

In Comparative Example 4, a shaft was prepared in the
same manner as in Example 1 to be described below except
that one end of a hoop layer was set to be 115 mm and the
other end thereof was set to be 935 mm. In Comparative
Example 4, the weight was within an error range (significance
probability P<0.05; corresponding to a difference in weight
of 0.2 g) in relation to the prior art. Further, Wilcoxson
signed-rank test was used to verify the difference in the inven-
tion.

Comparative Example 5

In Comparative Example 5, a shaft was prepared in the
same manner as in Example 2 to be described below except
that one end of a hoop layer was set to be 115 mm and the
other end thereof was set to be 935 mm. In Comparative
Example 5, the weight was within an error range (significance
probability P<0.05; corresponding to a difference in weight
01 0.2 g) in relation to the prior art.

Comparative Example 6

In Comparative Example 6, a shaft was prepared in the
same manner as in Example 3 to be described below except
that one end of a hoop layer was set to be 115 mm and the
other end thereof was set to be 935 mm. In Comparative
Example 6, the weight was within an error range (significance
probability P<0.05; corresponding to a difference in weight
01 0.2 g) in relation to the prior art.

Comparative Example 7

In Comparative Example 7, a shaft was prepared in the
same manner as in Example 2 to be described below except
that one end of a hoop layer was set to be 400 mm and the
other end thereof was set to be 925 mm. In Comparative
Example 7, the strength at T-525 became insufficient.

Comparative Example 8

In Comparative Example 8, a shaft was prepared in the
same manner as in Example 2 to be described below except
that one end of a hoop layer was set to be 125 mm and the
other end thereof was set to be 650 mm. In Comparative
Example 8, the strength at T-525 became insufficient.

Example 1

FIG. 8 is a schematic diagram illustrating a laminated
structure in Example 1 of the invention. In Example 1, a shaft
was prepared in the same manner as in Comparative Example
1 except that hoop layers were respectively modified as fol-
lows.
In a first hoop layer 3A (prepreg O), a position 675 mm
apart from an end part of a small-diameter side becomes
a winding end position.

In a second hoop layer 5A (prepreg P), a position 375 mm
apart from the end part of the small-diameter side
becomes a winding start position.

Example 2
In Example 2, a shaft was prepared in the same manner as

in Comparative Example 2 except that hoop layers were
respectively modified as follows.
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In a first hoop layer 3A (prepreg P), a position 675 mm
apart from an end part of a small-diameter side becomes
a winding end position.

In a second hoop layer 5A (prepreg P), a position 375 mm
apart from the end part of the small-diameter side
becomes a winding start position.

Example 3

In Example 3, a shaft was prepared in the same manner as
in Comparative Example 3 except that hoop layers were
respectively modified as follows.

In a first hoop layer 3A (prepreg P), a position 675 mm

apart from an end part of a small-diameter side becomes
a winding end position.

In a second hoop layer 5A (prepreg P), a position 375 mm
apart from the end part of the small-diameter side
becomes a winding start position.

In Examples 1 to 3, a bias layer 4 was configured to have
exactly two layers over a full length as in Comparative
Examples 1 to 3. Since the bias layer 4 is originally config-
ured such that two sheets are attached to each other, the bias
layer is provided to have substantially four layers. By forming
in this way, it is possible to stably obtain the strength even
when the strength is measured at any position in a circumfer-
ential direction.

Example 4

In Example 4, a shaft was prepared in the same manner as
in Example 1 except that one end of a hoop layer was set to be
125 mm, the other end thereof was set to be 925 mm, and an
angle layer was provided to have 1.9 layers. In Example 4, the
weight value was out of an error range (significance probabil-
ity P<0.05; corresponding to a difference in weight of 0.2 g)
in relation to the prior art.

Example 5

In Example 5, a shaft was prepared in the same manner as
in Example 2 except that one end of a hoop layer was set to be
125 mm, the other end thereof was set to be 925 mm, and an
angle layer was provided to have 1.9 layers. In Example 5, the
weight value was out of an error range (significance probabil-
ity P<0.05; corresponding to a difference in weight of 0.2 g)
in relation to the prior art.

Example 6

In Example 6, a shaft was prepared in the same manner as
in Example 3 except that one end of a hoop layer was set to be
125 mm, the other end thereof was set to be 925 mm, and an
angle layer was provided to have 1.9 layers. In Example 6, the
weight value was out of an error range (significance probabil-
ity P<0.05; corresponding to a difference in weight of 0.2 g)
in relation to the prior art.

Example 7
In Example 7, a shaft was prepared in the same manner as
in Example 1 except that bias layer 4 was increased from two
layers to 2.2 layers.
Example 8
In Example 8, a shaft was prepared in the same manner as

in Example 2 except that bias layer 4 was increased from two
layers to 2.3 layers.
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Example 9

In Example 9, a shaft was prepared in the same manner as
in Example 3 except that bias layer 4 was increased from two
layers to 2.4 layers.

Example 10

FIG. 10 is a schematic diagram illustrating Example 10.
Example 10 is a case where the following two layers are
added to the structure of Example 1.

Front-end straight reinforcing layer 11 (prepreg A): wind-

ing is ended at a position of 375 mm.
Rear-end straight reinforcing layer 12 (prepreg A): wind-
ing starts at a position of 675 mm.

In this Example, it was formed such that a winding end
position of the front-end straight reinforcing layer 11 and a
winding start position of a second hoop layer B coincided
with each other or the winding end position of the front-end
straight reinforcing layer 11 was located at a large-diameter
end part side compared to the winding start position of the
second hoop layer B and that a winding start position of the
rear-end straight reinforcing layer 12 and a winding end posi-
tion of a first hoop layer A coincided with each other or the
winding end position of the first hoop layer A was located at
the large-diameter end part side compared to the winding start
position of the rear-end straight reinforcing layer 12. A
“winding start” indicates a point at which one layer starts and
is entirely defined by the small-diameter side. A “winding
end” indicates a point at which one layer is ended and is
entirely defined by the large-diameter side.

The front-end straight reinforcing layer 11 affects a height
of a trajectory or a bounce in a horizontal direction, and the
rear-end straight reinforcing layer 12 affects swing feeling of
the club. That is, in order to satisfy performance required by
a golfer while being lightweight, it is possible to use by
approximately selecting these two layers. Further, in the case
of using the two layers, using degree can be designed.

In general, when such partial reinforcing layers are put, the
strength of end parts thereof is reduced due to the stress
concentration. In this Example, the end part of the partial
reinforcing layer and the end part of the hoop layer were
overlapped with each other when viewed from the cross-
sectional direction to prevent the reduction of the strength.

These end parts may not be overlapped with each other, and
even if there is a gap, sufficient strength is satisfied as long as
the first hoop layer 3A and the second hoop layer 5A have an
overlapped portion. When the length of the overlapped por-
tion is too long, the weight is increased. Therefore, the over-
lapped portion is preferably 100 mm or shorter. In addition, as
described above, when the first hoop layer 3A and the second
hoop layer 5A are overlapped with each other in the range of
525+150 mm, the reference strength standard is satisfied. The
front-end straight reinforcing layer 11 and the second hoop
layer 5A may be overlapped with each other, and the first
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hoop layer 3A and the rear-end straight reinforcing layer 12
may be overlapped with each other. However, in order to
achieve both of the light weight and the strength at a high
level, it is most preferred that the end parts are overlapped
(matched) with each other when viewed from the cross-sec-
tional direction.

Examples 11 to 16

In Examples 11 to 16, shafts having a full length of 1092
mm or 1194 mm are prepared, stiffness and weight are
slightly changed as indicated in Table 4, and the weight
thereof is converted in terms of weight of the shaft having the
length of 1168 mm. As illustrated in FIG. 11, it was confirmed
that values fallen within a range of a mathematical formula
even in different kinds of length, stiffness, and weight.

Example 17

In Example 17, a shaft was prepared in such a manner as in
Example 1 except that bias layer 4 was provided to have 1.3
layers.

Example 18

In Example 18, a shaft was prepared in such a manner as in
Example 2 except that bias layer 4 was provided to have 1.3
layers.

Example 19

In Example 19, a shaft was prepared in such a manner as in
Example 3 except that bias layer 4 was provided to have 1.3
layers.

Example 20

In Example 20, a shaft was prepared in such a manner as in
Example 1 except that bias layer 4 was provided to have 1.6
layers.

Example 21

In Example 21, a shaft was prepared in such a manner as in
Example 2 except that bias layer 4 was provided to have 1.6
layers.

Example 22

In Example 22, a shaft was prepared in such a manner as in
Example 3 except that bias layer 4 was provided to have 1.6
layers.

Table 3 indicates a list of evaluation results of Comparative
Examples, and Table 4 indicates a list of evaluation results of
Examples. The result is an average value of n=6.

TABLE 3
Overwrap Flex
Area Length Weight Board Torque T-90 T-175 T-525 B-175
Character mm mm gr mm deg N N N N
Comparative Low rigidity Conventional shaft 0-1168 1168 36.2 215 6.7 809 446 402 434
Example 1
Comparative Middle rigidity Conventional shaft 0-1168 1168 39.0 160 6.4 892 510 421 470
Example 2
Comparative High rigidity Conventional shaft 0-1168 1168 414 125 6.1 858 598 412 461
Example 3
Comparative Low rigidity 115-935 Shaft 115-935 1168 36.3 215 6.7 823 451 441 529
Example 4
Comparative Middle rigidity 115-935 Shaft 115-935 1168 39.0 160 6.4 882 519 441 470

Example 5
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TABLE 3-continued
Overwrap Flex
Area Length Weight Board Torque T-90 T-175 T-525 B-175
Character mm mm gr mm deg N N N N
Comparative High rigidity 115-935 Shaft 115-935 1168 41.5 125 61 902 578 470 490
Example 6
Comparative Middle rigidity 400-925 Shaft 400-925 1168 39.5 160 64 862 402 372 519
Example 7
Comparative Middle rigidity 125-650 Shaft 125-650 1168 394 160 64 843 470 363 470
Example 8
TABLE 4
Weight
Overwrap (Converted Flex
Area Length Weight) Board Torque T-90 T-175 T-525 B-175
Character mm mm gr mm deg N N N N
Example 1  Low rigidity 375-675 Shaft 375-675 1168 35.9 215 6.7 864 480 439 447
Example 2 Middle rigidity 375-675 Shaft 375-675 1168 38.7 160 6.4 860 459 446 462
Example 3 High rigidity 375-675 Shaft 375-675 1168 41.1 125 6.1 893 494 478 441
Example 4  Low rigidity 125-925 Shaft 125-925 1168 35.6 215 6.7 862 470 451 470
Example 5 Middle rigidity 125-925 Shaft 125-925 1168 38.4 160 6.4 872 480 470 578
Example 6  High rigidity 125-925 Shaft 125-925 1168 40.8 125 6.1 804 510 480 539
Example 7 Low rigidity 250-800 Shaft 250-800 1168 353 215 6.5 911 500 480 500
Example 8  Middle rigidity 250-800 Shaft 250-800 1168 38.0 160 62 1078 568 588 578
Example 9 High rigidity 250-800 Shaft 250-800 1168 39.7 125 59 1274 666 725 666
Example 10 Shaft having front-end straight 250-800 1168 36.8 200 6.6 823 461 441 461
reinforcing layer and rear-end
straight reinforcing layer
Example 11 Short 250-800 1092 34.8(37.2) 180 6.5 823 431 1 480
Example 12 Short 250-800 1092 424 (453) 115 6.0 833 480 490 529
Example 13 Short 250-800 1092 38.3(41.0) 140 6.3 794 500 470 529
Example 14 Long 250-800 1194 394 (38.5) 170 6.5 872 431 470 412
Example 15 Long 250-800 1194 423 (414) 150 6.2 1098 588 598 568
Example 16 Long 250-800 1194  46.5(45.5) 105 57 1323 676 706 676
Example 17 Low rigidity Lightest weight 375-675 1168 28.0 215 8.7 805 407 402 403
shaft
Example 18 Middle rigidity Lightest weight ~ 375-675 1168 29.2 160 8.5 812 410 411 407
shaft
Example 19 High rigidity Lightest weight 375-675 1168 313 125 8.1 807 409 403 401
shaft
Example 20  Low rigidity Stably prepared 375-675 1168 345 215 7.7 833 438 432 451
lightest weight shaft
Example 21  Middle rigidity Stably prepared 375-675 1168 364 160 74 831 428 455 432
lightest weight shaft
Example 22 High rigidity Stably prepared 375-675 1168 37.6 125 7.0 842 481 428 444
lightest weight shaft
In Comparative Examples 1 to 3, the shafts having the light ¥ In Examples 4 to 6, the shafts are formed using the inven-
weight as possible are prepared using the prior art and satisfy tion so as to obtain the significant difference of the weight
the reference strength standard. As described above, since the exceeding the error range compared to the prior art. In
(sitrepgthdat Tl-lstzhs tvtvflls ltowes:hn ?}F szrgor an‘,‘(gléeNshaft was Examples 7 to 9, the high strength shafts having the light
esighed suct that the strengih at - was aU0 IN or more. weight as possible are prepared using the invention. Since the
The shatt is classified into three types of low rigidity, middle so .. . . .
L : P : AP high strength shaft is used for persons having a high club head
rigidity, and high rigidity, and these kinds of rigidity are o .
: - - . speed, it is very useful. In Examples 4 to 9, when using the
values obtained by the cantilever bending test as described . A . : . .
invention, it was possible to obtain the shafts which satisfied
above. . .
. the reference strength standard and was lightweight more
Values of 215 mm, 160 mm, and 125 mm are sequentially
. 2 compared to Examples 1 to 3.
listed from the low rigidity, and these values correspond toR-, ., ] ]
S-, and X-flex of a commercially marketed shaft, respectively. In Examples 17 to 19, the lightest weight shafts are pre-
As described above, since the shaft becomes more brittle as it pared using the invention. Further, in Examples 20.t0 22,.the
becomes stiffer, the shaft is required to be heavy in order to stably lightest weight shafts are prepared using the invention.
have equivalent strength. In Examples 17 to 22, the lightest weight shafts were prepared
In Comparative Examples 4 to 8, the shafts are prepared using the invention.
beyond the range of the invention. 60
In Examples 1103, the shafts having the light weight as INDUSTRIAL APPLICABILITY
possible and satisfy the reference strength standard are pre-
pared using the invention. Thus, when using the invention, ) ) ) o
since substantially equivalent strength can be obtained at According to the golf club shaft of the invention, it is
T-175, T-525, and B-175, it was possible to achieve as much 65 possible to further lighten the weight by obtaining a uniform

weight lightening as the surplus weight distributed at T-175
and B-175 was removed.

strength distribution, and thus it is extremely useful in indus-
trial utilization.
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EXPLANATIONS OF LETTERS OR NUMERALS

1: mandrel

2: step-part reinforcing layer

3, 3A, 3B, 3C: first hoop layer

4: bias layer

5, 5A, 5B, 5C: second hoop layer

6: first straight layer

7: second straight layer

8: third straight layer

9: front-end reinforcing layer

10: outer diameter adjusting layer

11: front-end straight reinforcing layer
12: rear-end straight reinforcing layer

The invention claimed is:

1. A golf club shaft formed of one or more fiber-reinforced

resin layers, the golf club shaft comprising:

a bias layer that is formed by overlapping fiber-reinforced
resin layers, in which orientation directions of reinforc-
ing fibers are +35° to +55° and -35° to —55° relative to a
longitudinal direction of the shaft, with each other;

a straight layer that is formed of a fiber-reinforced resin
layer in which an orientation direction of the reinforcing
fiber is —5° to +5° relative to the longitudinal direction of
the shaft; and
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a hoop layer that is formed of a fiber-reinforced resin layer
in which an orientation directions of the reinforcing fiber
is +85° to +95° relative to the longitudinal direction of
the shaft,

wherein the hoop layer is formed of two fiber-reinforced
resin layers of a first hoop layer and a second hoop layer,

the two hoop layers have an overlapped portion,

one end of the overlapped portion is located between 125
mm and 375 mm apart from the small-diameter end part
of the shaft, and

the other end of the overlapped portion is located between
675 mm and 925 mm from the small-diameter end part
of the shaft.

2. The golf club shaft according to claim 1, wherein one
end of the first hoop layer is located at the small-diameter end
part of the shaft and the other end thereof is located between
675 mm and 925 mm from the small-diameter end part of the
shaft, and

one end of the second hoop layer is located between 125
mm and 375 mm from the small-diameter end part of the
shaft and the other end thereof is located at the large-
diameter end part of the shaft.

3. The golfclub shaft according to claim 1, wherein the first
hoop layer has a thickness thinner than that of the second
hoop layer, and at least one of the straight layer and the bias
layer is laminated between the first hoop layer and the second
hoop layer.



